S1 Geometries S1.1 Norbornadiene -Minimum 
S1.2 Norbornadiene -Conical Intersection
Geometry of norbornadiene at which the conical intersection exists: The energy gap can be rationalized using Valence Bond (VB) theory. If we have localized π a and π b orbitals localized on the two 'ends' of the molecule, two configurations can be constructed where one of the two π orbitals is singly occupied and the other is doubly occupied:
Configuration 1: |(core)π 2 a π 1 b (S1) Configuration 2: |(core)π 1 a π 2 b (S2)
The VB Hamiltonian in the space of the two configurations:
where a and b are orbitals, S ab is their overlap, h is the one-electron kinetic plus electron attraction operator, and g is the electron-electron repulsion. Giving the energies:
It has been shown that K has a simple behaviour with R, showing an approximate exponential decay of the energy gap 1 . This behaviour accounts for the energy gap trend for the PLN systems (table S2 and shown graphically in figure 3 in main text).
S3 Gradient Differences
The gradient differences reported in the main text were calculated using CAS(3,4)/6-31G* for the 1-and 2-ring systems. Due to computational expense, a smaller basis set (STO-3G) was used in the computation of the gradient difference for the 3-ring system. The trend in the magnitude of the gradient difference is of key importance. Here we show the reporting of the 3-ring value computed with a different basis set is valid, as the STO-3G values show not only the same trend as the 6-31G* ones, but also give the same numerical values. 
S4 Dipole Moment
Although our analysis is mainly in terms of the spin density, for the fixed nuclei simulations we can equally study the dipole moment. To illustrate this, we take the fixed nuclei simulation after ionization of norbornadiene (spin density oscillation shown in main text figure 2) and analyse in terms of the dipole moment along the molecular (z) axis:
The result of this analysis is shown in figure S1 . This shows the positive charge oscillating from one end of the molecule to the other, to sites equi-distant from the centre of mass, i.e. between ethylenic moieties, with a frequency in agreement with the spin density analysis. Time (fs) Figure S1 : Time evolution of the dipole moment along the molecular axis upon ionization at the neutral equilibrium geometry of norbornadiene, creating a superposition of the lowest two electronic states.
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S5 Dephasing
When dephasing occurs the average spin density is delocalized between sites, this is shown in figure S2 , where the average spin density on both bonds is given 
